Longitudinal follow-up data on development and school placement are presented for three groups of patients. Having had or not having had early surgical intervention and stimulation distinguishes the two groups of patients with craniosynostosis. The third group is patients with cleft lip and palate who received early intervention but did not achieve minimal criteria for communication by age 22 months. Educational placement (for patients 8 to 20 years of age) follows the pattern of distribution of students nationally for patients who had early intervention.
A t the Tampa Bay Craniofacial Center, the treatment team focuses on physiological and psychological function with awareness that behavioral development in infants and children implies maturing integrity of the plastic neurological system. The three groups of patients included in this report represent subsets of patients with craniofacial disorders seen at the Tampa Bay Craniofacial Center. Group one was 33 longitudinally reviewed patients who came to us as infants with clinically observed malformed head shapes subsequently confirmed by three-dimensional reformatted computed tomography scans that allowed visualization of isolated craniosynostosis of one or two sutures that were surgically opened by 6 months of age. Group two was school-aged patients identified and referred to the Center by teachers, speechlanguage pathologists, or audiologists who were seeking information concerning possible treatment of the child's misshapen head, with the intention of diminishing a communication disorder, failure in school, or behavioral disorders. The third group of patients reported here has been described in a 20-year review, 1 and long-term follow-up with 768 infant patients with cleft palate whose maturation and development have involved our team's efforts as well as input from various community resources to enhance their developmental progress. The first and third groups had participated in an early and ongoing stimulation program of indirect therapy saturated with activities that enabled the parents to make and report reliable observations, to anticipate and reinforce child-parent interactive behavior, and to assist in ongoing monitoring and assessment of the patient's adaptive growth and development.
Our treatment philosophy of "focus on function" strives to improve patient ability and opportunity to adapt biologically, psychologically, and socially to differences and subsequent changes in physical structure, and for the parent to adapt to the imposed life changes without being overwhelmed by medical or surgical management of the malformation. These primary concerns support selection, coordination, and timing of multiple interventions to take advantage of the baby's critical periods of neurogenesis. Before as well as after the baby is taken to surgery to reconstruct the defect, our team focuses on the interaction of the family unit (Fig 1) . Play is the construct for learning and teaching. Involving the baby as a participant in communicative procedures is essential to his/her success (Fig 2) . To achieve the desired goals for the patient, all team members remain alert to interaction patterns between the primary caregivers and the patient, for the home environment is the most influential of all elements on the child's physical and mental development. 2 It is well documented that extremes of care (ie, unconcern or overprotection) interfere with maturation and self-reliance. We take this concept one step further by insisting that the role of the caregiver is to assist the infant by discovering what tasks the infant is capable of achieving through reading the infant's gestural and vocal cues. To establish a baseline measure of the cooperative interaction between the parent and the infant, we apply the TEACHING scale to the NCAST 3 program. TEACHING assesses six domains of parent-infant interaction, with a series of items set into six scales: four parent scales (Sensitivity to Cues, Response to Distress, Social-Emotional Growth Fostering, and Cognitive Growth and Development) and two child scales (Clarity of Cues and Responsiveness to Parent) In a 2-minute observation, a trained examiner can derive information that indicates the level of adequacy in the parent-child interaction, the preverbal basis for language development and use. The routine application of this observation protocol has led us to include in each visit a discussion of the parent's observations and responses to the child's needs, encouragement and instruction where needed, and confirmation of the parent's insight into the strengths and weaknesses of the baby, as well as anticipatory guidance for possible upcoming events.
An example of the effort to generate the ideal parent-infant partnership is found in the team's approach to feeding, the most elementary of these parent-infant interaction tasks, especially when the baby has an anomalous involvement of the mouth or jaw. We encourage use of a regular nipple with a cross-cut end mounted on a squeezable bottle. 4 The parent must coordinate the timing of mild but rhythmic manual pressure on the bottle with the infant's jaw closure (ie, chomping). This manipulation provides a manageable bolus of food on the tongue and puts the child in control of the vegetative action of deglutition as it negates the baby's loss of energy caused by the struggle to extract the food substance from the bottle in the absence of negative intra-oral pressure. This very early instruction introduces a working relationship within the dyad that encourages both parties to attempt tasks that could be judged impossible. Also, the cooperative pattern seems to prepare parents and other caregivers to manage wisely the postoperative needs of the patient, whether they are temporary or long enduring.
Another professional focus is the assurance of adequate sensory input for the infant. Routine vision and hearing assessments are provided to assure maximum advantage of normal acuity. The first human language is visual-gestural. Emotionally distressed parents may misread gestures that are facial expressions in the babies' dysmorphic faces. To some parents, deformed heads may appear painful to babies, who in reality are unaware of their own differences and rapidly adjusting to their own perceptions of the world.
Because the infant's hearing acuity can fluctuate within a few hours, and trips to the pediatrician, otologist, or audiologist are time consuming and ex- 9 standardized for children between birth and 6 years, revealed a variety of spontaneous, imitative, and response patterns in personal-social behavior, language, and fine motor and gross motor movement. Each patient received a single craniofacial operative procedure between 4 and 6 months of age to expand and reshape the cranial vault. The sutures were involved singly or in various twosuture combinations that included coronal, sagittal, and metopic sutures. Comparison of patient responses on preoperative and 6-to 9-month postoperative behavioral assessments using the DDST (Table 1) found that after the release of the fused sutures, 24 patients met or exceeded age-matched criteria on all tests, whereas 17 children had passed all tests before surgery. Further, examination of the scores on all four tests by the 33 patients revealed that although a total of 37 failed tests before surgery, 16 failed one or more of these tests after the single operative procedure. These results underscore the need and benefits of opening the fused cranial sutures. In both pre-and postoperative testing, the largest cluster of the fail scores were found in the language test. Comparison of pre-and postoperative language scores by site of synostosis further suggests that release of the fused sutures may have an immediate impact on cognitive development in some children (Table 2) .
Fig 2 Early Language Acquisition Research Findings
Indirect therapies were continued for all the patients through informal discussions or specific training for parents. For patients who needed specialized help, community resources provided direct therapies that included speech, language/literacy, hearing, and physical or occupational therapies. Some therapies encompassed socialization and pragmatics and others self-centricity and self-assurance; several of these children became quite successful on school or community sports teams, and a couple of the elementary school boys earned their black belts in karate. Table 3 reflects the current educational placement of these 33 children by neonatal diagnosis. Longitudinal analysis revealed that 78% (N = 26 of 33) of these patients performed at or above the mean level of their chronological peers. Twenty-one percent (N = 7 of 33) needed educational assistance. It should be noted that one of the former group (in general education) and five of the latter group were taking stimulants to help reduce behaviors that interfere with learning in the classroom. It is also noted that 50% of patients with left coronal synostosis are in special educational settings, whereas 90% of those with right coronal synostosis are in general education or gifted placement. The results for this sample of patients who received early multifaceted intervention differed remarkably from those of group 2. Group 2 had 26 patients, 14 males and 12 females (ages 6 to 8 years), whose initial referrals to our Center team were made by local school personnel, including teachers, guidance counselors, audiologists, and speech-language pathologists. The children were referred for assessment and possible treatment of recognized differences in their facial configurations or head shapes concomitant with their failure in school as well as recurrent exhibitions of unacceptable and antisocial behavior. Descriptors such as "disorderly," "never still," "stubborn," "careless," "uncooperative," "aggressive," "messy," "uncontrollable," "doesn't finish schoolwork" or "doesn't do homework" recurred frequently in the teacher comments about these children. Clinical examination revealed structural mal contours and shapes reflective of those described in preoperative patients as evidence of plagiocephaly (crooked heads) and trigonocephaly (pointed frontal region with a metopic ridge).
Skeletal formation of school-age children with consequent completion of cranial bone fusion prohibited radiographic diagnosis of what might have been discernible as congenital or neonatal craniosynostosis. However, for the convenience of the language, we adopted use of the terms "plagiocephaly" and "trigonocephaly" for the two distinctly distorted configurations of their heads. According to bestpractice procedures and ethical standards, in the absence of elevated intracranial pressure, our craniofacial team concluded that surgical intervention at their advanced ages was not recommended.
School records reflected failure in all learning areas among these physically healthy students. The most severely involved children presented with nonverbal vocalizations, flailing limbs with uncontrolled impulsiveness, and perseveration. Ten of the 26 children (6 male, 4 female) were being treated with stimulants for behavior control.
Additional history of each child revealed that 16 of the 26 were in school-based therapy for dyspraxia and oral motor problems in the absence of any recognized disturbance of oral or oropharyngeal vegetative function. That is, without noticeable difficulty these children could drink liquids, bite, chew, and swallow food. No problems with aspiration were reported nor were any noted by our team. These observations signify that the neurological circuits of the brain stems were intact. However, these children had been identified as unable to activate and coordinate for speech the voluntary rapid sequential muscle actions of thorax, larynx, pharynx, palate, tongue, jaws, and lips. These complex behaviors are generally taken for granted in that they are required to produce acceptable acoustic cues of spoken language and are initiated in all human cultures by the age of 6 months. Our observations further suggest that some cortical or subcortical synaptic matrices were absent or nonfunctional. Concerns for neurological deficits were also reflected in the presence of fine motor problems particularly noted in attempts at manuscript and cursive writing by 11 of the 26 children (6 male, 5 female). Systemic hypotonia was observed as reported in four male and one female patient (Table 4) .
School assessment records also revealed that all 26 children experienced disorders of language processing in areas of auditory comprehension, memory, recall, and use. Neuropsychological assessments had identified elements of compulsivity and impulsivity among 10 of these children. Eight of the ten patients with these conditions were being medicated for attention deficit disorder (ADD) or attention deficit with hyperactivity disorder (ADHD).
In view of the deficits found by school-based testing of aptitude and achievement for placement of these students, we were interested to know more about their sensory input systems and what their brains do with what they perceive. Lengthy and arduous nonverbal assessments of hearing and vision that required more than one examining session for each of the 26 children found responses indicative of normal acuity levels. Attending behavior deficits interfered with the efficiency of testing, but distractibility seemed to correspond to the probability that sound and sights in the environment were available to these developing nervous systems through the ex- pected sensory input mechanisms. In fact, it was noted that some of the children appeared to be overly sensitive or supersensitive to stimuli. For example, an approaching street noise such as a siren could disturb the child long before the instructor who had normal hearing heard it. Two additional scales of the Goldman-FristoWoodcock Auditory Skills Test Battery 10 were administered: Selective Auditory Attention (a hearingin-noise test) and Phoneme Synthesis (a test of blending single sounds into words). These two basic skills are well recognized as critical to language acquisition and linguistic function. 11 Test results (scores <25th percentile) indicated that all the 26 members of group 2 were unable to perform both of these skills. Cortical maps consistently represent areas of the brain associated with auditory comprehension, language encoding, and execution of motor speech as occurring in the left lateral cerebral hemisphere underlying the skull in the vicinity of the coronal suture. 12 Mentation, execution, and emotional control have long been associated with the frontal lobe. 13 It is not a gigantic leap in logic to associate the apparent cranial defects of these 26 healthy children with their negative early school experience. It is possible that the evidence of their physical and cognitive development dramatizes the failure to achieve timely identification of the dysmorphology followed by multimodal interventions. Although we cannot compare patients in groups 1 and 2, we cannot avoid questioning the implications of such failures of neuropsychological development and the brief window of time in infancy that makes available an unmatched opportunity to dramatically influence neurogenesis/synaptogenesis. Group 3 contained 56 of the 768 patients with fresh cleft lip/palate who had been seen at our Center during a 22-year period. These 56 patients are described here because of our observations of their differences in adapting their reconstructed features. The patients in group 3 of this report represent 7.29% of patients with fresh clefts who were seen by our team during a 22-year period. Their distribution by cleft type found that 30 had unilateral cleft lip and palate, 10 had bilateral complete clefts, 14 had cleft lip only, and 2 had submucosal cleft palates (Table 5) .
These children and their families, like the other 712 patients and families who participated in a complex protocol of (1) early surgical closure of the cleft (lip, 0-2 weeks; palate, 3-6 months) and (2) an intensive program of monitoring development and stimulation to take advantage of neuroplasticity and to enhance synaptogenesis while (3) enabling healing and adaptation of surgically modified structures.
The 56 children reported here were healthy babies whose hearing and visual acuities fell within acceptable limits. However, they did not meet the expectations for communication skill development established by our Center for patients of 22 to 30 months of age (Table 6 ). At the age of 24 to 30 months, each of the 56 children was referred to a community speech-language pathologist with a request for extensive evaluation of speech, language, and oral motor function.
Findings from those communication skill evaluations fell into two distinct clusters. One cluster identified age-appropriate behaviors: receptive language, vocal tone and inflection, nonspeech oral and oropharyngeal function, and nonverbal interactive communication skills. These findings indicate that the lower peripheral and central connections of motor pathways were intact for oral and oropharyngeal vegetative functions. Also, laryngeal pathways were functioning for reflexive activities and for learned modulations of pitch and loudness. No nonspeech glottal noise or traditional cleft palate speech errors were reported.
The second cluster of characteristics reported by independent practitioners in speech-language pathology after detailed analysis of communication abilities of the referred children include a broad spectrum of speech and language disorders that interfere with communication:
1. Multiple articulatory/phonological errors, including sibilant distortion, voicing confusion, fronting 3. Name intelligibly 10 to 20 of 36 animal models.
4. Respond to simple questions about animals.
5. Verbally request preferred stickers (dog, cat, dinosaur).
6. Verbally request assistance in opening the sticker's plastic wrapper.
7. Say "bye-bye" when told it is time to go.
velars, stopping consonants, omission of final consonants, and syllable deletion. 2. Absence or reduced intelligibility of spontaneous speech. 3. An inability to sequence phonemes or syllables. 4. Poor or absent volitional oral motor control, often accompanied by the systemic need to stabilize the body to undertake specific manual or oral motor movement. It was noted that in two children, this poor voluntary oral motor coordination resulted in intermittent, mild-moderate nasal air emission with accompanying inappropriate nasal resonance on some vowels in selected contexts.
Continuing the emphasis of early intervention, direct speech-language therapy was initiated for each of these 56 toddlers. They did not respond well to traditional speech modeling or tongue placement techniques. Instead, they responded best to somatictactile and visual stimulation, always with strong reinforcement for successful approximations of the correct response. Evidence of improved intelligibility appeared after 6 months to 6 years of therapy, with patients who required the most enduring treatment continuing to exhibit some level of speech disorder. Many repetitions of each increment of speech with attention to self-recognition of acoustic clarity of the sound appear necessary for the child to habituate production of the phonemes and phoneme combinations.
The second cluster of findings, their treatment, and the response to treatment by the children suggest that complex cortical associations and pathways to lower motor nuclei may be incomplete, malformed, or otherwise disrupted or that cortical programming of motor function for speech is impaired. That is, these 56 patients with cleft lip and palate were found to exhibit communication disorders that point to errors of varying degrees of dyspraxia/apraxia of the oral motor mechanism and neurological substrates in phonological encoding, as well as oral motor programming and execution of spoken language. These well-researched disorders are recognized dysfunctions of the central nervous system, as opposed to peripheral organ dysfunction.
Current school placement referenced on Table 4 of these 56 patients shows that 4 are in gifted classes, 44 are in general education settings, 33 continue to participate in speech-language therapy, and 5 are assigned to special education classrooms that emphasize language. None of the 56 children are reported to be taking prescribed stimulants, and none have any been identified as having behavior problems.
Among the 56 families in group 3, one family whose child was having continued intelligibility problems has elected to acquire a secondary surgery to assist the child in speaking more clearly. His cognitive abilities are measured at well above average, and his school placement imposed on him the need to speak more clearly and to project his voice to large groups. These and other verbal communication needs were more demanding in his competitive, honors classroom than he was able to accomplish with extended therapy alone. After careful family and patient counseling regarding risks and hygiene requirements, at the age of 8 years, this child was provided a pharyngeal flap to eliminate continual palatal management from his voluntary control. At last report (spring 2001), this student is progressing well in a gifted program, and his family is pleased with his performance and his progress. It has been reported by Devani et al 14 that velopharyngeal dysfunction after cleft palate closure by 10 specific surgical techniques varied from 15% to 70%. At our Center, an individualized surgical approach was provided for each of these children with oral clefts. Although surgery alone was not totally responsible for the cognitive and communication skills of patients described here, our experience suggests that the need to provide 1 of 768 (0.13%) patients with a pharyngeal flap is an acceptable record for our work during 2 decades.
DISCUSSION
T he long-term results for the patients reported here in the three disparate groups provide no basis for intergroup comparison among diagnoses or surgical outcomes for participants. However, these data suggest a variable embryopathy as a precursor to behavioral symptoms found within the segment of the population with craniofacial anomalies. The pioneering animal studies of Rosenzwieg, Bennett, Diamond, and their colleagues in the 1960s and 1970s showed that enriched postweaning environments influenced size, weight, and cellular composition of various regions of the neocortex. Subsequent collaboration between cognitive psychology and neuropsychology in the 1980s further elucidated the massive and complex prenatal and neonatal growth and development of the brain. These emerging principles of neurology and cognition set the stage in 1978 for the founders of The Tampa Bay Craniofacial Center to formulate its fundamental principle of "focus on function." The required early intervention practices necessitated creation and elaboration of techniques, procedures, and methods within each of the team's disciplines. Likewise, our philosophy of care dictated that patient visits be more like family conferences than multiple assessments. In fact, families reported that the time spent with the team was a measure of their comfort and security in the care of their children. 15 The length of visits tends to vary widely across families and stages of child development.
The lifelong impact of neurological variations was emphasized by Geschwind in the 1970s and 1980s, and this idea recurs in the continuing research of Galaburda, 16 Damasio, 17 and Damasio 18 and others. Cortical and subcortical differences are apparent among children and adults who are learning and performing varying levels of linguistic tasks as evidence of cognition. Long-accepted findings include bilateral asymmetry of the hemispheres; interpersonal dissimilarity in structure and function of cortical and subcortical regions; and the intricate role of neurotransmitters. The massive research in brain organization and function during the last 10 years has increased our bank of knowledge about the central nervous system and its cellular functions, chemistry, and electricity. Differences between brains have been found by functional neuroimaging in comparable loci. Those findings support current research in impulse transmission as identified through brain mapping that include studies of functional differences by mismatched negativity by Cheour et al 19 and Ceponiene et al. 20 Each advance in technology and method to study the brain lends credence to the principles we have applied since the 1970s that timing and experience are critical in the development and maturation of neuron interconnection patterns.
Early neuropsychology studies focused on the visual system of animals because of the relatively convenient access of the peripheral organ and its nerve structure. Vision is a crucial component of prespeech communication. It is well known that neonates recognize facial configurations, distinct black figures on white backgrounds, and bright colors. From the beginning, it is important that natural parenting skills provide for basic visual programming. We must endeavor to assure that caregiver reaction to the baby's dysmorphology, surgical experience, or postoperative care do not negate, restrict, or distort the visual field for the infant. Our concerns for adequate visual function in some patients with craniofacial disorders influences surgical decisions as well as selection of stimulus material for neonates.
Increased understanding of the structural and functional complexities of the visual system has led to revelations concerning other sensory systems. Of particular interest to our group has been the work of Patricia Kuhl, 21 who established that an auditory map of language is constructed on the cortex through exposure to and identification of the phonemes of the child's native language. Dr. Kuhl's work, like that of others, has demonstrated the crucial timing of language stimulation to generate clusters of neurons in the infant auditory cortex so that by the age of 12 months, the infant=s auditory map (ie, perception patterning of phonemes) is formed with individual phonemes using selected dendritic connections. That is, neurological distribution of function for phoneme recognition is achieved by the increase in dendrite branching and density with accompanying increase and strengthening of synaptic connections. Auditory programming necessarily precedes the assimilation of neuron function that underlies comprehension and expression of ideas and other intentions in either prespeech or verbal communication. The incidence of hearing loss caused by the damping effect of otitis media with effusion (OME) may exceed 35 dB. According to Menyuk 22 and others, three bouts of OME or the equivalent effect on infantile hearing interferes with language learning to the extent that later school performance will be negatively affected. Kuhl 23 also argued that as the child gets older, he struggles to learn new language because few unassigned neurons remain available for adapting to new acoustic signals. These and other warnings have led our group to insist on early auditory stimulation and monitoring of hearing.
Care of hearing needs in patients with craniofacial disorders is particularly sensitive. An infant's hearing acuity can fluctuate dramatically in a matter of hours because of middle ear changes. Thus, we could not limit assessment of hearing acuity to the semiannual hearing test protocol that generally is used by craniofacial teams. Instead, the team pediatric audiologist accepted each child as an ongoing patient and the parents as co-therapists. In patients who required them, pressure equalization tubes were inserted before 6 months or age; many at the time of lip closure to conserve the need for a second anesthesia. For other infants, it was more appropriate to furnish bone conduction hearing aids until the conductive hearing problems cleared. In turn, that meant parents must be trained to monitor changes in the children's behavior and any equipment they were using for signs of minor shifts in hearing ability and to recognize when it was necessary to see either the audiologist or the otologist for help. Likewise, our audiologist was unwilling to depend solely on brain stem-evoked response or otoacoustic emissions data. In addition, she provides parents and the team with reports of behavioral audiology on a regular basis. set of linguistic stimuli. In that way we were better able to follow the child's developmental progress without unwarranted interference of intermittent conductive hearing loss.
Although prenatal diagnosis of craniofacial problems is a somewhat moderating preparation for the birth of children with dysmorphic heads and faces, around the world parents and professionals alike still experience sadness at the misfortune of the child. Concerns for the risk of neurobehavioral differences in such children can be masked by team perceptions of and concerns for the overt physical symptoms of the patient. Thus, it is desirable to reduce the impact of the deformation to manageable entities so that adaptive abilities of the patient can become the focus of care. This attitude places a great challenge before the medical-surgical-dental personnel of the team to develop techniques, equipment, appliances, and biomaterials, as well as to perfect the skills that reconstruct dysmorphologies of healthy babies within time limits that nature imposes on the maturation of the nervous system. Further, these reconstructions and tissue manipulations must occur with minimum interference by the number of invasive procedures, resulting scars, or severance of nerve endings. That is, these interventions must occur within the window of time that allows and encourages the neonatal dendrite arborization and infantile synaptogenesis that is precursor to function and adaptability.
According neuroscientists 24, 25 and colleagues that window of time, or critical period, refers to the segment of neurogenesis when specific otogenic processes are vulnerable to perturbation by external insults or are sensitive to internal influences required for their development. Before and after surgical reconstruction, other multifaceted interventions are needed to allay disorders that may have been historically reported as components of the congenital condition or caused by its presence. Preparation, education, and reassurance of caregivers by removal of surprises from their clinical and hospital experiences seems to help them adapt to the patient's changing situation and changes in their caregiving lives. By reducing the incidence of distracting ideas, feelings, and unexpected experiences among the team members, as well as within the families, we can remain fully realistic as we encourage the parents' ability to focus on positive growth and development in the child. After all, it is the parent or other caregiver who furnishes the environment in which the infant/child will gain the stimulation to engender the neuron growth to provide all the millions of connections needed to design, invent, explore, and select the best choices in impulse transmission. Following the concepts set forth in discussions of neuroplasticity, it is reasonable that early intervention with saturation of stimulation encourages alternate synaptic patterns to be established and strengthened through use. Research from many disciplines strongly supports the need for early identification and intervention for needs of children. 26 Only in that way can we prevent the onset of problems that are fully preventable and diminish the impact of others.
IMPLICATIONS AND QUESTIONS B
ased on these data, several implications and questions emerge. The untreated children in group 2 may represent a small sample, whereas others with deformed heads may succeed in regular classrooms. However, although all the untreated children in group 2 were placed in special education classes, both early treated groups (1 and 3) imitate national and state percentages assigned to special education ( Table 7) .
Review of patients with treated and untreated craniosynostosis supports early reconstruction of the cranium to facilitate language acquisition and cognitive development. Concomitantly, enrichment of the home environment, especially during the patients' critical periods of neurogenesis (0-12 months), is a powerful element in the child's development. In addition, both biological and psychological domains research continues to support the principle that early invention is effective and may stimulate neuroplasticity to override errors of nature.
However, many questions remain. For example, is the cleft condition an overt sign of multiple and varied covert differences; or do poor language skills in children with LEFT coronal synostosis point to an embryopathy that affects language centers of the brain? Still another area of interest asks if functional neuroimaging and brain mapping can address early status and developmental changes/adaptations in the wiring of the brain? 
